D-Boxes Deplete APC/C Rather than Fizzy in Xenopus Egg Extracts fused to GST, since we previously showed that this N-terminal fragment allowed efficient APC/C-dependent Next, we investigated what factor(s) were depleted from egg extracts, rendering the extracts incompetent for ubiquitylation and proteolysis in Xenopus egg extracts . Four constructs were made: cyclin destruction. Since we previously found that the D-box receptor was immunoprecipitated by anti-Apc3 N70 fused to GST, a tandem N70 construct (N70-2X), and the two equivalent constructs with the R and L of antibodies . To assay D-box plete up to 95% of APC/C from egg extracts (lanes 1and 2). The APC/C retained by the D-box matrix was or D-box-independent cyclin proteolysis, we used two radiolabeled substrates; a full-length fission yeast cyclin successfully eluted by GSH (lane 3), whereas the same tandem construct with the mutated D-box (Dm-2X) B (Cdc13) and an N-terminal 67 residue truncated version of Cdc13 (⌬67) that lacks a D-box and serves as a hardly depleted the APC/C at all, and the flow-through (F) contained as much APC/C as the input (lanes 4-6). control. As shown in Figure 1B , the flow-through from the tandem N70 column was unable to destroy Cdc13
Consistent with this result, the single N70-GST depleted more than 90% of the APC/C (lanes 7 and 8), whereas a small fraction of Fizzy was bound to the APC/C and not because it interacted directly with the D-box. the Dm or plain GST columns did not appreciably deplete the APC/C (lanes 10-15). Note that the single N70
In a slightly different approach, we synthesized N70 peptides with an N-terminal biotin residue and attached column only retained a trace amount of the APC/C in the bound fraction, presumably due to a weaker interaction, them to streptavidin-coated magnetic beads to investigate the relationship between depletion of the APC/C and the APC/C leaching off during the washes (lane 9). The same membranes were also probed with an anti-(Apc3) and the inability to destroy cyclin in egg extracts. Supernatants of egg extracts were examined after addiFizzy antibody, which revealed that most of Fizzy was in the flow-through (FT) in all columns tested, suggesting tion of the biotinylated N70 peptides and harvesting by magnetic beads. Immunoblots of the supernatants that the Fizzy in egg extracts does not directly (or only transiently) interact with the D-box of cyclin B. However, showed that the APC/C was depleted by N70 peptides in an N70 dose-dependent manner ( Figure 2C ). In contrast, we reproducibly detected a small fraction, typically about 2%-3% of the total Fizzy, in the bound fraction Fizzy, Cdc2, or Ubcx (the relevant E2 ubiquitin-conjugating enzyme) were not depleted by N70 peptide. Cyclin (lane 3), so we wished to test whether the Fizzy bound directly to the cyclin N terminus or indirectly via the destruction in the supernatants was well correlated with the residual amount of the APC/C in the egg extracts APC/C. To test this point, we first immunodepleted the APC/C from egg extracts, then applied them to the N70 ( Figure 2D ). We tested if adding back purified APC/C into the depleted supernatants ( Figure 2E ) could rescue column. Using magnetic beads that were covalently coupled to a monoclonal antibody of the Apc3 subunit the destruction of cyclin B, and found that addition of purified APC/C (see below) or APC/C together with ubi-(AF3.1), we could show that more than 95% of endogenous APC/C could be removed (data not shown). Next, we investigated the size distribution of the APC/C and Fizzy in egg extracts by sucrose density gradient separation. Figure 3C shows that more than The Role of Fizzy in the Interaction between 90% of the APC/C in anaphase egg extracts is in the the D-Box and the APC/C in Egg Extracts 20S fractions, whereas only a small fraction (less than To further explore the interactions between the D-box 10%) of Fizzy is in the same 20S fraction and most of and the APC/C in egg extracts, we applied large volumes the Fizzy is in between 4.5S and 11.3S. These results (relative to the column volume) of anaphase extracts were the same in interphase egg extracts (data not (⌬90-arrested egg extracts) to N70-GST or control colshown). We conclude that 90%-95% of the APC/C in umns and analyzed the appearance of proteins in the egg extracts is not tightly bound to Fizzy. Equally clearly, flow-through (FT). The expectation was that if protein(s) however, a small but probably significant fractionspecifically interacted with the D-box, the appearance 5%-10%-of the APC/C is associated with Fizzy. The of these proteins in the flow-through would be delayed significance of this association is unclear, but considercompared to the mutant D-box column. Eventually, the ing that far more APC/C binds to the destruction box affinity matrix will saturate, and the ligand will appear column than does Fizzy, it seems that while Fizzy is in the effluent. peptide were overloaded onto the sensor chip, and the dissociation rate was calculated from the initial dissociateria and used to make affinity columns. Fizzy-free APC/C was applied to wild-type securin or the mutant tion curve. In contrast, interphase APC/C did not significantly interact with either N70 or D-box mutant peptides securin beads, and separated into flow-through (F) and bound (B) fractions. As shown in Figure 4C , the flow-( Figure 5C , right panel). We used N70 or Dm affinity columns to compare the through from the securin column contained less than 5% of the input APC/C and about 40% of the APC/C binding affinities of anaphase and interphase APC/C. The APC/C from metaphase (i.e., CSF-arrested extracts) could be recovered from the matrix (lanes 1-3) . In contrast, about 80% of the input APC/C failed to bind to and anaphase extracts bound equally well to the N70 matrix, and not to the D-box mutant (Dm) matrix (lanes the mutant securin column, and only 13% of the APC/C was retained by the "mutant" matrix (lanes 4 and 5).
1-6). In contrast, the APC/C from interphase extracts was not retained by the D-box matrix (lanes 7-9). These These data indicate that Fizzy-free APC/C could interact with the D-box of securin, suggesting that the APC/C data confirm that interactions between the D-box and the APC/C are regulated in the cell cycle, and are only must contain a universal D-box receptor. activated in mitosis.
Interphase and Mitotic APC/C Differ in Their Affinity for the D-Box
Comparing the APC/C from CSF-Arrested Extracts with Anaphase or Interphase APC/C in Terms Finally, we compared the abilities of purified APC/C from mitotic extracts with the APC/C from interphase extracts of their Ability to Initiate Cyclin Proteolysis We also compared the abilities of the APC/C from CSFin terms of their ability to bind to the D-box. We used immunoaffinity chromatography to purify APC/C from arrested extracts with the APC/C from anaphase and interphase extracts in terms of their ability to restore anaphase (⌬90 arrested) or interphase extracts (see Experimental Procedures). The anaphase APC/C showed cyclin B destruction in an APC/C-depleted extract. We used AF3.1 coupled beads to deplete the APC/C from active ubiquitylating activity, whereas the interphase APC/C was inactive (data not shown). Figure 5A comthe CSF extracts, and added back various forms of APC/C that had been purified from egg extracts in differpares the protein content of the two preparations. All the known APC/C subunits were clearly seen on the ent cell cycle stages. As showed in Figure 6A , we could specifically deplete the APC/C (Ͼ95%) from the CSF gel, indicated by their numbers. Subunits 1, 3, 6, and 8 showed mobility shifts, presumably due to altered extracts, but the levels of Fizzy, Cdc2, and Ubcx were essentially unchanged. Then, using the APC/C-depleted phosphorylation, and the interphase preparation contained three prominent unidentified bands, marked with extracts, we performed cyclin destruction assay (Figure 
APC/C Depletion from Egg Extracts
We found that 0.5 ml of AF3.1 supernatant coupled to Dynabeadsthe substrates was mixed with 9 l of CSF extracts; samples were taken at the indicated intervals after adding CaCl 2 , and analyzed by protein A beads could deplete more than 95% of the APC/C from 100 l of egg extracts by mixing and incubating at 23ЊC for 20 SDS-PAGE. min and using a magnetic stand (Dynal) to remove the beads. This process was repeated to ensure more than 95% depletion, which Antibodies was confirmed by immunoblotting with anti-Apc3 (Transduction lab). Rabbit polyclonal antibodies were raised against the synthetic peptide CFEVDPVTKKEKEKARSSKSIIHQSIR, corresponding to the C terminus of Xenopus Fizzy, after conjugating the peptides to keyhole Sucrose Gradient Centrifugation 200 l of anaphase or interphase HSS was overlaid on a 5 ml sucrose limpet hemocyanin (KLH). Polyclonal antibodies were also raised against recombinant fission yeast UbcP4 (Xenopus Ubcx homolog), gradient (15%-40%) made in XB buffer, which was then spun at 40,000 rpm for 12 hr at 4ЊC in SW55 rotor (Beckman). 27 fractions Xenopus Ubcx, and a Xenopus Fizzy C-terminal fragment. AntiUbcP4 recognized Ubcx in Xenopus egg extracts. Other antibodies were taken manually, separated by SDS-PAGE, and analyzed by immunoblotting. The standard proteins (S value) used for the estimaused in this study were as follows: anti-Apc3 (Transduction labs; C40920), anti-human Fizzy, anti-Apc2, anti-Apc6, and anti-Apc8 (a tion were thyroglobulin (19.4 S), catalase (11.3 S) and bovine serum albumin (BSA; 4.5 S). kind gift from Jan-Michael Peters) for immunoblotting. Anti-Apc3
